We present a Census of the Local Universe (CLU) -a combination of the largest area Hα imaging survey for nearby emission-line galaxies to date as well as a compilation of all publicly available galaxy catalogs out to a distance of 200 Mpc. With the Palomar 48-inch telescope, our Hα survey images ≈3π of the sky (3626 pointings) in 4 narrowband filters to an Hα flux limit of 10 −14 erg/s/cm 2 at 90% completeness. To characterize the completeness and contamination of the Hα survey, we undertook a study of 14 preliminary fields (0.3% of total pointings) where we have obtained spectroscopic follow-up of all galaxy candidates with no previous distance information and a narrow-band color excess greater than 2.5σ. Comparison of the resulting CLU-Hα galaxy catalog to a statistically complete sample of star-forming galaxies in an 11 Mpc volume (the LVL sample), we find that the Hα survey is complete to 85% in starformation (using extinction corrected Hα flux as a proxy) and 70% in stellar mass at 200 Mpc. The contamination from high-redshift galaxies is lower than 8% (40%) for a 5σ (2.5σ) color excess. Even with just 290 emission-line galaxies in the 14 preliminary fields, we find several interesting objects: 7 newly discovered blue compact dwarfs (aka, blueberries), 1 new green pea, 1 new QSO, and a known planetary nebula. The extreme galaxies (green pea and blueberries) have high star formation rates, low stellar masses, and low metallicities and could be local analogs to higher redshift primordial galaxies. The existence of these interesting candidates in our preliminary Hα sample exemplifies that the full CLU-Hα survey can be used as a discovery machine for a wide variety of objects in our own Galaxy and extreme galaxies out to intermediate redshifts.
INTRODUCTION
We are undertaking the Census of the Local Universe (CLU) project to build a complete catalog of galaxies out to 200 Mpc. As a first step, we compiled all known galaxies with secure redshifts within 200 Mpc, hereafter the CLUcompiled catalog (see Section 4.7). As the next step, we undertook an emission-line survey to identify missing galaxies in this same volume, hereafter CLU-Hα. The CLU-Hα survey deploys four contiguous narrow-band filters to search for emission-line galaxies across ≈3π of the sky, as part of the Palomar Transient Factory (PTF; Law et al. 2009 ). Using the Hα emission line, the CLU-Hα survey is designed to find galaxies from redshift 0 to 0.048 (≈200 Mpc). The galaxies arXiv:1710.05016v1 [astro-ph.GA] 13 Oct 2017 found in CLU-Hα will impact several areas of astrophysical research (e.g., galaxy evolution, star formation, and distributions of Milky Way emission-line sources). The combined CLU catalog will help focus the search for electromagnetic (EM) counterparts to gravitational wave (GW) events.
Galaxy Evolution and Star Formation
Large area surveys have led to important discoveries in star formation and galaxy evolution. The Sloan Digital Sky Survey (SDSS; York et al. 2000) directly led to the discovery of the "Main Sequence" of star-forming galaxies, where the current star-formation rate (SFR) forms a tight relationship with the total stellar mass (Brinchmann et al. 2004; Daddi et al. 2007; Salim et al. 2007; Peng et al. 2010 ). This discovery led to further studies which found that the "Main Sequence" shows an increased normalization at higher redshifts (Elbaz et al. 2007; Noeske et al. 2007; Heinis et al. 2014 ) providing a means to quantify the evolution of galaxy properties over time.
The SDSS survey also gave rise to the discovery of extreme emission-line galaxies at intermediate redshifts (0.11 ≤ z ≤ 0.36) dubbed "green peas." These objects were identified based on their point source-like appearance where the strong [OIII] λ4959, λ5007 doublet (EW≥100Å) is located in the green-coded SDSS r-band filter giving them their green colors (Lintott et al. 2008) . In depth studies of green peas have shown that these objects have compact morphologies, large SFRs, low stellar masses, and low metallicities (Cardamone et al. 2009; Amorín, Pérez-Montero & Vílchez 2010; Izotov, Guseva & Thuan 2011) . Thus, these galaxies bare a striking resemblance to high-redshift galaxies (Lyman-break galaxies and Lyα emitters) that are thought to contribute a significant fraction of ionizing photons during the epoch of reionization (Finkelstein et al. 2012) .
Later studies of extreme galaxies found in SDSS (Izotov, Guseva & Thuan 2011) characterized local Universe analogs of green peas with blue colors (i.e., blue compact dwarfs or "blueberries") at z<0.07, where the strong [OIII]λ4959, λ5007 lines are located in the blue-coded gband SDSS filter. Izotov, Guseva & Thuan (2011) found that the physical properties of both green peas and blueberries are similar suggesting that both are rare and interesting analogs to higher-redshift galaxies with extreme starformation properties. Green peas and blueberries are likely to be found in the CLU-Hα survey, and will provide an opportunity to study in greater detail modes of star formation thought to be common only in the early Universe.
The SDSS spectroscopic galaxy survey obtained spectra of half a million extragalactic sources in ∼9400 deg 2 using fiber-fed plates (Alam et al. 2015) . However, the incompleteness function of the SDSS spectroscopic catalog is hard to quantify and consequently has missed galaxies due to fiber collisions, classification errors, etc. (Fukugita et al. 2007 ). An ideal galaxy survey would provide both imaging as well as spectroscopic information for all objects (down to a given depth) over large areas of the sky. This can be accomplished via narrowband filters which probe strong emission lines. A survey of this magnitude and wealth of information could provide the data for future discoveries and scientific advancements in many area of astrophysical research.
A narrowband survey that covers tens of thousands of square degrees could discover tens of thousands of new galaxies providing a better census of the local Universe. Furthermore, a large area, narrowband survey would discover new extreme objects that have only been found in relatively low numbers providing insights into star formation and galaxy evolution. In addition, a survey of this nature could also provide a better census of emission-lines sources in our own galaxy (planetary nebulae, nova shells, supernova remnants, etc.) if one narrowband filter coincided with the rest-frame Hα wavelength. Given these motivations, we undertook the CLU-Hα narrowband survey with filters that cover the rest-frame Hα emission line and extends out to a distance of 200 Mpc covering ≈3π of the sky. In this paper, we introduce the CLU-Hα survey, provide the survey parameters (e.g., sky coverage, narrow-band filter properties, detection limits, and estimated completeness), detail the galaxy candidate selection criteria, show examples of extreme objects found in preliminary fields, and discuss science applications in these preliminary pointings. Future papers will provide science analyses for successively larger numbers of pointings (i.e., larger sky coverages), and finally for the full ≈3π survey with 3 stacked images on every point in the coverage map.
Gravitational Waves
The detection of gravitational waves via the Laser Interferometer Gravitational Wave Observatory (LIGO; Abbott et al. 2016 ) allows for a new way of observing the Universe and thus provides new tools with which to understand fundamental physics. Associating gravitational waves and electromagnetic counterparts will have dramatic impacts on our understanding of the Universe. However, the sky localization of LIGO GW events can range from 30-1000 square degrees on the sky making the search for EM counterparts a challenge.
Significant efforts of large area surveys (e.g., Kasliwal et al. 2016 ) have scanned the most probable sections of gravitational wave localizations in search of an electromagnetic counterpart. However, the efficiency of this effort can be greatly enhanced by utilizing the locations of known galaxies in the LIGO sensitivity volume (D≤200 Mpc; Aasi et al. 2015) . The total area of all known galaxies in this volume occupy ∼1% of the sky (see § 4.7). Thus, targeted followup observations of likely host galaxies can narrow down the search area (or false positives) by a factor of 100.
Previous efforts have been made to provide lists of galaxies specifically designed for EMGW follow-up (Kopparapu et al. 2008; White et al. 2011) , where the latest catalog from White et al. (2011) shows a B-band luminosity completeness of 65% at 100 Mpc. However, the galaxies in both previous catalogs were limited to 100 Mpc which is an eighth of the LIGO sensitivity volume out to 200 Mpc. In addition, several new or updated spectroscopic galaxy surveys have published secure distances via redshifts for new galaxies in the local Universe (e.g., SDSS, ALFALFA, 6dFRGS; Alam et al. 2015 ; Haynes et al. 2011; Jones et al. 2009 ); thus, leaving previous EMGW galaxy catalogs less complete than previously estimated. There are efforts which utilize increased numbers of galaxies with photometric redshifts (e.g.,
GLADE
1 ); however, we focus on galaxy catalogs with secure distance measurements. The lack of an EMGW catalog that extends to the full LIGO sensitivity volume and the existence of new galaxies found in the local Universe motivate the construction of a new compiled galaxy catalog to be used in the search for EM counterparts to GW events.
In an effort to provide the most complete list of galaxies with measured distances in the LIGO sensitivity volume, our team has compiled a catalog of all known galaxies (CLUcompiled). The compiled portion of the CLU galaxy catalog was taken from existing galaxy databases: NASA/IPAC Extragalactic Database (NED) 2 , Hyperleda 3 (Makarov et al. 2014) , Extragalactic Distance Database 4 (EDD; Tully et al. 2009 ), the Sloan digital sky survey DR12 (SDSS; Alam et al. 2015) , The 2dF Galaxy Redshift Survey (6dFRGS; Jones et al. 2009 ), and The Arecibo Legacy Fast ALFA (ALFALFA Haynes et al. 2011) . The catalog contains ∼234,500 galaxies with existing distances less than 200 Mpc.
The combination of CLU-compiled with new CLU-Hα galaxies will serve as the full CLU galaxy catalog. CLU aims to facilitate rapid associations between GW events and EM detections by providing a catalog of local Universe galaxies that is as complete as possible. In this paper, we provide the basic properties of our CLU-compiled catalog and investigate how the new galaxies from the CLU-Hα survey will contribute to the full CLU catalog.
CLU-Hα SURVEY DESCRIPTION
The CLU-Hα survey endeavors to discover as many Hα-emitting galaxies as possible out to 200 Mpc (z=0.048) and provide a relatively well constrained redshift range for each emission-line galaxy. In addition, the Hα fluxes measured for all galaxies (both previously known and newly discovered in the local Universe) will provide a recent SFR for each galaxy (i.e., the integrated SFR over the past ∼10 Myr; e.g., Kennicutt 1998; Murphy et al. 2011; Kennicutt & Evans 2012) . Thus CLU-Hα will not only yield the positions and well constrained distances for new galaxies in the local Universe, but will also provide nearly uniform Hα fluxes and SFRs for both new and known galaxies.
Narrowband Filters
CLU-Hα searches for emission-line galaxies using 4 wavelength-adjacent, narrowband filters with a combined wavelength range of 6525−6878Å. Each emission-line galaxy can be identified via a flux excess in one filter (the "On" filter) signifying the presence of an emission line compared to a filter that covers only the adjacent continuum (the "Off" filter). Thus, CLU-Hα provides a distance constrained by the width of our narrowband filters.
The transmission curves for our narrowband filters are shown in Figure 1 , where the solid lines represent the transmission from the manufacturer, the dotted line represents the CCD quantum efficiency of the camera and the dashdotted line represent the atmospheric transmission at Palomar (Ofek et al. 2012) .
The filter widths and central wavelengths are calculated via:
where T is final transmittance of the filter curves with the peak normalized to unity. Table 1 presents the properties of our 4 narrowband filters. The first filter is centered at the z=0 Hα emission line (λ = 6563Å) and the wavelength range of the last filter extends to z ∼ 0.048 (i.e., ∼200 Mpc) Hα emission line. The first two filters (Hα1 and Hα2) make up the first filter pair and the 3rd and 4th filters (Hα3 and Hα4) make up the second filter pair. Each filter pair is observed per night to facilitate more stable Hα "On-Off" colors used for emissionline selection (see §3).
Observational Strategy
Observations were taken on the Oschin 48 inch telescope at the Palomar Observatory with a 7.26 deg 2 mosaic imager composed of 11 CCD detectors (or chips) and a 1 per pixel resolution (for details see, Law et al. 2009; Rau et al. 2009 ). The survey uses an observational strategy of 3 spatially-staggered, overlapping grids that are limited to a declination of greater than −20
• , where each grid contains N= 3626 PTF fields (26, 470 deg 2 of the sky). Observations using the Hα1 and Hα2 filters cover the entire sky above −20
• declination. Observations using the Hα3 and Hα4 filters also cover the sky above −20
• declination, but avoid the Galactic plane (|b| 3 • ). A single 60 second exposure is taken for each field in each grid resulting in a total of three images for each position on the sky. The multiple images facilitate cosmic ray rejection, filling in chip gaps, and deeper final images with 3 coadded images.
Data acquisition ended in March 2017 (due to decommissioning of the PTF camera) with 98.3% of fields observed in Hα1 and Hα2 and 91.3% observed in Hα3 and Hα4. However, the second filter pair is 95% completed at a Galactic latitude limit of three degrees (95% at |b| 3 • ) and 99% completed at latitudes above 11
• (99% at |b| 11 • ). Figures 2 and 3 present the sky coverage maps in equatorial coordinates (where 0
• Right Ascension is represented as the center, vertical red line) of the CLU-Hα survey for the first filter pair (Hα1 and Hα2) and the second filter pair (Hα3 and Hα4), respectively. The colors for each PTF pointing box in these figures represent the number of observations, where lighter/brighter colors indicate more observations. The Galactic plane is easily identified in Figure 3 as a dark strip of fields with little to no observations in the second filter pair. The majority of the fields within our targeted sky coverage have 3 observations. In addition to our survey, there were multiple PTF projects that observed specific regions of the sky using the CLU narrowband filters and can provide even deeper Hα imaging for these fields. The locations that these programs targeted are apparent in Figures 2 and 3 as the brightest regions with ∼100-200 observations.
Although the ultimate goal of the CLU-Hα survey is to coadd the images from the 3 staggered, overlapping grid patterns, the preliminary analysis here uses the single exposures from only one of these grids in 14 fields (see §3.1). Future investigations will provide analysis of additional, singleexposure images followed by analysis of the coadded images.
Data Reduction and Source Catalogs
Data reduction and source extraction are carried out in an automated pipeline built by the Infrared Processing and Analysis Center (IPAC) 5 specifically for the PTF survey. The full description of this pipeline can be found in Laher et al. (2014) , but we provide a brief overview here.
The IPAC reduction pipeline consists of both "off-theshelf" and custom software which have been extensively tested on millions of images from PTF broadband images. After each night of data is acquired, the IPAC pipeline performs a bias subtraction and applies a flat-field correction. The astrometric solution for each processed image is computed via SCAMP (Bertin 2006 ) on one of three stellar catalogs: SDSS-DR7 (Abazajian et al. 2009 ), UCAC3 (Zacharias et al. 2010) , or USNO-B1 (Monet et al. 2003) .
After data reduction is completed, the IPAC pipeline then uses Source Extractor (Bertin & Arnouts 1996) to generate a source catalog for every chip/filter image in each field. The fluxes are reported using many aperture definitions; however, we utilize the fluxes from aperture photometry at 5 pixels (∼ 5 ) in diameter for galaxy candidate selection (see §3) and the point spread function (PSF) fitted fluxes of stars for calibration purposes (see below). The 5 pixel aperture used to select narrowband excess sources is ∼ 2.5 times the FWHM of typical seeing (2 ) at Palomar and will encompass > 99% of the light from a point source. The median and standard deviation 5σ detection limits of a point source with a 5 diameter aperture for each chip image in all 14 preliminary fields is 18.6 ± 0.30, 18.7 ± 0.28, 18.8 ± 0.28, 18.8 ± 0.25 AB mag for filters Hα1, Hα2, Hα3, and Hα4, respectively.
Calibration
Calibration is carried out for each chip and filter image, where Pan-STARRS DR1 (PS1; Chambers et al. 2016 ) stars (N> 100) are matched with CLU-Hα sources. We match all CLU-Hα sources that are relatively isolated (i.e., no source within 10 ), have a photometric error less than 0.1 mag, and have no Source Extractor photometry flags to all PS1 stars with the following criteria: 1) a g−i color between 0 and 1.5 mag; 2) a photometric error less than 0.1 mag; 3) a PSF minus Kron i-band magnitude less than 0.05 mag to select stars 6 . The photometric zeropoints and color correction terms are determined by fitting a linear relationship between Hα−r (CLU−PS1) and g−i (PS1-PS1) colors, where both CLU-Hα and PS1 magnitudes are PSF fitted magnitudes. Figure 4 graphically presents our calibration method, where the grey dots represent all CLU-Hα sources matched to PS1 sources, the blue dots represent matched "good" stars that meet our criteria, the dashed line represents the zeropoint, and the solid-cyan line represents the fit to "good" stars. The scatter around the fit is used as the error in the zeropoint and is added in quadrature to each sources photometric error. Typical errors in the zeropoints are ∼ 0.05 mag. In addition, the fitted line in Figure 4 is used to perform a color correction to the zeropoint.
There is also an effect of sensitivity across each of the chips due to the large field of view resulting in a variation in the zeropoint. The zeropoint variation across a single chip has a range of 0.001-0.004 mag (Van Sistine et al. in prep) . The zeropoint variation maps are fully described and will be released in Van Sistine et al. (in prep) . 
Ancillary Data
We supplement our CLU-Hα fluxes with information from the SDSS DR12 (Alam et al. 2015) , GALEX all sky (Martin et al. 2005) , and WISE all sky surveys (Wright et al. 2010 ) in addition to PS1 PSF and Kron magnitudes. We utilize the model ugriz magnitudes from SDSS DR12. In addition, we cross-match the CLU-Hα sources against entries in the SDSS 'galSpecLine' table and extract the redshift, Hα line flux ('h alpha flux'), and equivalent width (EW; 'h alpha eqw'). We also extract FUV and NUV kron fluxes from the GALEX all-sky imaging survey (AIS; Bianchi, Conti & Shiao 2014) , and the instrumental profile-fit photometry of the first and fourth WISE bands ('w1mpro' and 'w4mpro'). These ancillary data are used to cull contaminants and measure several physical properties of galaxies. . The Hα-r versus g-i color plot which is used to define our photometric calibration (i.e., zeropoint and color correction). The blue filled points are all stars selected for calibration, the horizontal blue line represents the zeropoint, and the solid cyan line is the fit to calibrations stars and is used for color corrections.
CANDIDATE SELECTION
In this section, we describe our galaxy candidate selection methods. We have chosen to test these methods in 14 preliminary fields that have SDSS coverage which contain many galaxies with existing spectroscopic redshifts. Furthermore, we have obtained spectra for all remaining candidates, thus facilitating a robust estimation of the success, false-positive, and false-negative rates of our selection criteria.
Preliminary Fields
The preliminary fields were chosen based on the following criteria: 1) the CLU-Hα images must contain Hα filter pairs taken on the same night and have observations in all four filters to ensure a complete analysis, 2) the field must have SDSS coverage to provide a list of galaxies with known redshifts, and 3) a declination close to 30
• to facilitate spectroscopic follow-up from Palomar Observatory. These three criteria will allow us to generate galaxy candidates, test our selection methods, and accurately describe the success rates and limits of our survey. The basic properties of the 14 preliminary fields are listed in Table 4 .
In addition, we have chosen to include one field which contains a galaxy cluster. The field labeled "p3967" in Table 4 is spatially coincident with the Coma cluster whose redshift falls in the wavelength range of our third narrowband filter (Hα3). Since the population of any galaxy cluster is dominated by "red-and-dead" galaxies with little-to-no star formation (i.e., low Hα equivalent widths), this field represents a worst case scenario for our selection methods. We include this field to robustly test the limits of our selection methods. However, the majority of the preliminary fields occupy relatively sparse sections of the sky (i.e., outside the Galactic plane and not coincident with any galaxy clusters). Each pointing in our Hα survey covers 7.26 deg 2 on the sky; thus our 14 preliminary fields cover a total of 101.6 deg 2 . Figure 5 . The Hα color-magnitude diagram used for identification of emission-line sources in the Hα1 filter, where the y-axis represents the "On-Off" color and the x-axis is the "On" magnitude. The black points represent all CLU-Hα sources, the red dots represent contaminant galaxies with z>0.048, the green X's represent known galaxies with a redshift that fall in the wavelength range of the Hα1 filter, and the green circles represent the galaxy candidates selected. The dotted and dashed lines represent the Σ cuts of 2.5 and 5, respectively. The "On-Off" color defined by the standard deviation of bright stars is converted into an Hα EW limit and is labeled for the Σ = 5 cut (horizontal dashed line) with a value of 16.3Å.
Candidate Selection Criteria
The identification of emission-line candidates follows the general methods of previous emission-line galaxy surveys (e.g., Bunker et al. 1995; Pascual et al. 2001; Fujita et al. 2003; Sobral et al. 2009; Ly et al. 2010; Lee et al. 2012; Stroe & Sobral 2015) . The photometry used for the selection process are taken from the Source Extractor catalogs. We use the 5 pixel diameter aperture photometry for all selection criteria. In addition, we require a candidate to have a 5σ detection in the "On" band and set non detections to the 5σ upper limit (see Table 4 ). Emission-line candidates are selected based on the significance of the excess in "On-Off" color, where the flux is greater in one filter (the "On" filter) due to the presence of an emission line compared to the corresponding continuum filter (the "Off" filter). Each filter pair (Hα1/Hα2 and Hα3/Hα4) provides both the "On" and "Off" photometry. For example, Hα2 is used as the "Off" filter for Hα1 selection, while Hα1 is used as the "Off" filter for Hα2 selection.
We employ two selection criteria to identify true Hα color excess sources: 1) the standard deviation of "OnOff" colors of bright continuum sources with magnitudes between 12 and 15 mag, and 2) a standard signal-to-noise selection (e.g., Sobral et al. 2009; Stroe & Sobral 2015) in which the noise in each image pair is added in quadrature via:
where σ on/off represent the median sky count fluctuations in 100 sky regions for the "On" and "Off" images. We use Figure 6 . The Hα color-magnitude diagram used for emissionline sources in the Hα2 filter similar to that in Figure 5 . The "On-Off" color defined by the standard deviation of bright stars is converted into an Hα EW limit and is labeled for the Σ = 5 cut (horizontal dashed line) with a value of 16.8Å.
the parameter Σ to quantify the significance of the color excess above these two color quantities (i.e., that of random scatter), where the relationship between "On-Off" color, δ, and Σ is given by:
where m on/off are the calibrated magnitudes in the "On" and "Off" filters and ZP is the photometric zero-point for the "On" filter. We utilize two Σ cuts to define the extremes of our candidate selection methods. The first is a cut of Σ = 2.5 which will contain the majority of all star-forming galaxies but will contain a relatively higher contamination fraction of high-z galaxies. The second is a cut of Σ = 5 which will contain a reduced fraction of all star-forming galaxies but will contain a low contamination fraction (see § 4.4).
These cuts are graphically presented on the colormagnitude diagrams in Figures 5−8 for each Hα filter in one PTF field ("p3967"). In each of these figures the black points represent all CLU-Hα sources, the red dots represent known galaxies with a spectroscopic redshift greater than our filter's wavelength coverage (z > 0.048), the green X's represent known galaxies with a spectroscopic redshift that fall in the wavelength range of the appropriate filter, and the green circles represent the galaxy candidates selected in each filter.
The color excess cut based on bright continuum sources represents the minimum color at all magnitudes below which we cannot accurately infer the presence of an emission line (e.g., Hα). Furthermore, since the EW of an emission line is simply the ratio of the line flux and the continuum flux density, we can calculate an EW limit based on the "OnOff" color scatter in bright continuum sources. Following the prescription of (Stroe & Sobral 2015 , see Equation 7), the EW can be calculated via: Figure 7 . The Hα color-magnitude diagram used for emissionline sources in the Hα3 filter similar to that in Figure 5 . The overabundance of galaxies for this filter is due to the Coma cluster which is dominated by early type galaxies with little on-going star formation. The lack of star formation in these galaxies is evident from the lack of signifcant Hα "On-Off" colors. The "On-Off" color defined by the standard deviation of bright stars is converted into an Hα EW limit and is labeled for the Σ = 5 cut (horizontal dashed line) with a value of 19.8Å. Figure 8 . The Hα color-magnitude diagram used for emissionline sources in the Hα4 filter similar to that in Figure 5 . The "On-Off" color defined by the standard deviation of bright stars is converted into an Hα EW limit and is labeled for the Σ = 5 cut (horizontal dashed line) with a value of 19.8Å.
where ∆λOn is the FWHM of the "On" filter and ∆m is the "On-Off" color. The EW cuts based on the "On-Off" colors for each filter in Figures 5−8 are labeled on the horizontal dashed and dotted lines for Σ = 2.5 and Σ = 5, respectively. The median EW cut and standard deviation for all filters in the 14 preliminary fields is 7.3 ± 1.1Å and 15.2 ± 2.4Å for Σ = 2.5 and Σ = 5, respectively.
Contaminant Removal
The two color excess cuts introduced in the last section will effectively select any source that has a significant Hα "OnOff" color. However, the resulting galaxy candidates can still be contaminated by continuum sources with steep blue or red continuum slopes, high-redshift galaxies with an emission or absorption line whose wavelength has been redshifted into the wavelength range spanned by one of our filters, and cosmic rays or chip defects (e.g., hot pixels, column defects, etc.). Point sources with a steep blue or red continuum can be reduced by requiring that our candidates be spatially extended. As our survey is only sensitive to a distance of 200 Mpc and our angular resolution is limited to a FWHM∼ 2 , we estimate that galaxies larger than 2 kpc at 200 Mpc will be extended in our data. Comparison to a statistically complete sample of star-forming galaxies in the local Universe where the sample is dominated by dwarf galaxies (LVL; Kennicutt et al. 2008; Dale et al. 2009; Lee et al. 2011; Cook et al. 2014a ) reveals that the semi-major axis histogram peaks between 2 − 4 kpc suggesting that we will likely detect the majority of galaxies even at our furthest distance by requiring our galaxy candidates to be extended. Similar results are found for the size of Hα disks in galaxies out to z=0.1 (Dale et al. 1999) . We exclude point sources based upon the recommended PS1 star/galaxy separation using PSF minus Kron i-band magnitudes.
Unfortunately, the PS1 star-galaxy classifications often mislabel saturated stars as galaxies at r-band magnitudes brighter than 12-14 mag 7 leaving ∼300 candidates that are clearly stars. We can remove ∼60% of these contaminants via a bright Hα magnitude cut of 12 mag given the brightest quoted saturation magnitude in PS1. We note that the brightest confirmed galaxy in the preliminary fields is ∼13.4 mag. The remaining contamination stars are removed via visual classification.
Another source of contamination stems from cosmic rays and chip defects. The removal of these contaminants is achieved by requiring a source to be spatially coincident with a PS1 source. Since the PS1 detection limits (e.g., r ∼ 23.2 mag) are deeper than the CLU-Hα single-image exposures, any cosmic ray or chip defect with no spatial overlap with a PS1 source will be easy to flag and remove. Visual inspection of sources removed from our analysis via this method show that no real sources have been removed. Furthermore, visual inspection of our galaxy candidates show no contamination from cosmic rays, but do show a small percentage of contamination from chip-column defects that randomly coincide with a PS1 source; these contaminants are easily removed via visual inspection, and will be greatly reduced after stacking images for the entire survey.
The final source of contamination is high redshift galaxies whose emission or absorption lines have been shifted into the wavelength range of our filters. It will not be possible to distinguish between strong emission lines redshifted into the wavelength range of our filters and Hα emission at lower redshift. We note that there is a dearth of strong emission lines blue-ward of our filters the closest being the 7 https://panstarrs.stsci.edu/ Figure 9 . The g-r versus NUV-r, color-color plot of all known galaxies in the preliminary fields, where the blue squares represent galaxies in our target volume with an Hα EW greater than the Σ = 2.5 limit (EW≥7.5Å), the green pluses are all galaxies in our volume with small Hα EWs (EW<7.5), and the red points are galaxy candidates outside of our target volume (z>0.048). A g-r optical color cut removes contaminant galaxies while retaining the majority of galaxies in our volume with an EW greater than our selection limits (EW≥7.5Å).
[OIII]λ4959, λ5007 doublet near λ =5000Å (z∼0.3). However, galaxies with extreme [OIII]λ4959, λ5007 emission at z∼0.3 are likely to be interesting objects (i.e., green peas) and can be used for studies of galaxy evolution and star formation. In fact, we find a newly discovered z∼0.3 green pea contaminant in the preliminary fields (see § 5.1) and future CLU efforts will be aimed at studying these objects.
Contamination from redshifted absorption line sources, on the other hand, can be removed via optical color cuts. Many studies have found a dichotomy in the optical and UV colors of star-forming galaxies and those with little-tono star formation (e.g., red sequence galaxies; Salim et al. 2007) . SDSS studies have shown that red sequence galaxies exhibit optical g-r colors greater than 0.8 ± 0.1 mag and that star-forming galaxies show g-r less than 0.8 mag. Figure 9 shows the g-r versus NUV-r color-color diagram for all galaxies with Hα EW measurements (SDSS and CLU-Hα follow-up) that are found in the footprint of the 14 preliminary fields. The blue boxes represent z < 0.048 galaxies with an Hα EW larger than 7.5Å (i.e., the EW limit for Σ=2.5 sample), the green pluses represent z < 0.048 galaxies with an Hα EW smaller than 7.5Å, and the red dots represent high redshift contaminants (z > 0.048) with a color significance greater than 2.5 mag (Σ > 2.5). We find that a g-r color cut (horizontal dashed line) removes 60% of high-z candidates (red dots) while removing only 4 galaxies with moderate EW and a redshift less than 0.048. We use a cut of g-r greater than to 0.9 mag to remove any galaxies with little star formation whose Hα emission line will be effectively undetectable by our methods.
Spectroscopic Follow-up
We have obtained spectra for all candidates with no redshift information (except obvious stars, cosmic rays, and chip defects) with a Σ value above 2.5. The spectra were taken on the 200 inch Hale telescope atop Palomar Mountain on multiple nights over 2016 and 2017 using the Double-Beam Spectrograph instrument (DBSP; Oke & Gunn 1982) and on the 2.3 meter Wyoming Infra-Red Observatory (WIRO) with the Longslit spectrograph. The DBSP data were reduced using the PyRAF-based pipeline 8 of Bellm & Sesar (2016) and the WIRO data were reduced with standard IRAF procedures.
We took spectra of 334 galaxies where we confirm that 124 galaxies were indeed galaxies with redshifts less than 0.048, while the remainder were higher-redshift contaminants. In addition to finding new galaxies in the target volume, we also found 2 new galaxies (QSO and green pea) at intermediate redshift via strong [OIII]λ4959, λ5007 emission lines redshifted into our filters (see § 5.1).
Photometric Hα Fluxes
Since the majority of galaxies in the full ≈3π area of the CLU-Hα survey will not have spectroscopic Hα fluxes it is necessary to confirm that the photometric fluxes measured in our survey agree with those derived from spectroscopic measurements. In Figure 10 we plot the photometric Hα line flux versus the spectroscopic line flux in the left panel. The photometric Hα line flux is measured via:
where ∆λOn is the FWHM of the "On" filter, fOn is the flux density of the "On" filter, and f Off is the flux density of the "Off" filter. The flux densities of the "On" and "Off" filters are calculated via:
where c is the speed of light, ZptAB = 48.59, and λ on,off are the central wavelengths of the "On" and "Off" filters. There is good agreement for the majority of galaxies above a few×10 −15 erg/s/cm 2 for line fluxes derived from our Hα photometry and those derived from spectroscopy. However, there is disagreement at fluxes below 1×10
−15 erg/s/cm 2 where the photometrically derived fluxes are systematically higher than the spectroscopic fluxes. This floor in the photometrically-derived fluxes represent an effective Hα line flux limit and is a consequence of our selection criteria, where the "On" flux must be brighter by some Σ threshold above the "Off" flux and the "Off" flux is limited to the 5σ detection threshold of the image. In other words, at fainter "On" fluxes the corresponding "Off" flux will approach the detection limit of the image thus limiting the resulting line flux to Σ above the "Off" flux. This line flux limit will vary for different Σ = 2.5 and Σ = 5 galaxy catalogs since the Σ threshold represents an "On-Off" color (i.e., a line flux).
8 https://github.com/ebellm/pyraf-dbsp To quantify the limit imposed by our selection criteria we take the minimum photometrically derived Hα line flux for both Σ = 2.5 and Σ = 5 galaxy catalogs. The limits are 2 and 4 ×10 −15 erg/s/cm 2 and are represented as dotted-and dashed-horizontal lines in Figure 10 for Σ = 2.5 and Σ = 5, respectively. Assuming the median 5σ detection limit for all images of ∼18.5 mag, we can estimate the apparent magnitude limits for the "On" filter of both galaxy catalogs using Equations 7 and 6. The apparent narrowband magnitude limits are 18.3 and 18.0 for the Σ = 2.5 and Σ = 5, respectively.
RESULTS
In this section we provide a description of the CLU-Hα galaxies found in the preliminary fields and highlight two sub-samples composed of: 1) galaxy candidates with lower color significance (Σ ≥2.5) that will contain the majority of target galaxies but with high contamination; 2) galaxy candidates with higher color significance (Σ ≥5) that contain a reduced fraction of target galaxies but with low contamination. First, we present examples of newly discovered galaxies in the Hα survey. Then, we examine the observable properties of the galaxies in our CLU-Hα catalog and derive their physical properties. Next, we compare the list of CLU-Hα galaxies to all known galaxies in the preliminary fields and evaluate the success rates of our selection methods. Furthermore, we quantify the limits of the Hα survey and use these limits to estimate our completeness as compared to a statistically complete sample of nearby galaxies. Finally, we compare the CLU-Hα galaxies found in the preliminary fields to a compiled catalog of all known galaxies in the local Universe, the CLU-compiled catalog.
We note that the Hα galaxy catalogs and analyses presented here utilize single exposure images; not the final stacked images. The stacked CLU-Hα images will produce a galaxy catalog with fainter detection limits, higher success rates, and a higher completeness than the preliminary fields presented here. The stacking methods and analysis of the CLU-Hα images is the subject of a future study and beyond the scope of this paper.
Example New Galaxies
Here we present examples of CLU-Hα galaxies with no previous distance information that are now well constrained to be in the local Universe. Figure 11 presents a mosaic of a representative sample of newly discovered galaxies (i.e., galaxies with no previous redshift) found in the correct filter, where the left image cutout is the SDSS gri color composite, the four panels to the right are the cutouts for all four Hα filters, and the green boxes highlight which filter the source is identified (i.e., the brightest). The galaxies in this mosaic span the range of Hα EW, where EW increase towards the bottom of the figure from EW=10Å at the top to EW=100Å at the bottom. The galaxies also show a range of morphologies from compact to irregular to those showing spiral structure. 
Observable Properties of CLU-Hα Galaxies
Here we examine the composition and galaxy properties of our Hα galaxy catalog in the preliminary fields (i.e., Σ ≥2.5). We explore the SDSS g-r color, apparent SDSS r-band magnitude, the absolute r-band magnitude, and the Hα luminosity of the Σ = 2.5 galaxy candidates in Figure 12 . In all panels of Figure 12 the black-open, red-diagonal filled, and blue-diagonal filled histograms represent all known galaxies in our fields, all galaxies with an Hα EW greater than 7.5Å, and our confirmed galaxy candidates with an Hα EW greater than 7.5Å, respectively. We do not show the observable properties for Σ = 5 catalog since their distributions are similar to the Σ = 2.5 catalog.
Panel 'a)' of Figure 12 shows the SDSS g-r histogram where the majority of all galaxies show a g-r color around 0.8 mag and is consistent with an overabundance of elliptical galaxies. This is expected since one of our pointings cover the Coma cluster which is dominated by ellipticals (see § 3.1). Both subsets of all galaxies with greater Hα EWs tend to have bluer g-r colors where the candidate galaxies show a similar distribution of optical colors. Thus, our selection methods are not biased in optical color when compared to galaxies with moderate Hα EWs, but are biased towards blue colors when compared to all galaxies.
Panel 'b)' of Figure 12 shows the apparent r-band magnitude where all three histograms shows similar distributions. However, the histogram for all galaxies with EW>7.5 is peaked at fainter magnitudes than the histogram for the galaxy candidates suggesting that the galaxies with moderate EWs missed in our survey are the fainter ones near 18th mag.
Panel 'c)' of Figure 12 shows the absolute r-band magnitude where all three histograms show similar distributions. However, there is a small overabundance of intrinsically bright galaxies which is likely the result of an overabundance of elliptical galaxies with red optical colors that tend to be more massive (i.e., brighter). Comparison of both subsets with EW>7.5 reveal that both histograms span the same absolute magnitude range; however, a fraction of the galaxies missed in our catalog tend to be the intrinsically faint galaxies. The likely explanation for this is that our catalog has missed intrinsically faint galaxies that are farther away, and thus, are harder to detect due to larger photometric uncertainties.
Panel 'd)' of Figure 12 shows the Hα luminosity where the two galaxy subsets with EW>7.5Å tend to have higher luminosities compared to all galaxies. This panel clearly illustrates that a large fraction (>50%) of all galaxies in our fields are intrinsically faint in Hα emission (i.e., small Hα EWs). A comparison between the two subsets of galaxies with EW>7.5 shows that our galaxy candidates have a similar luminosity peak as all galaxies with EW>7.5, but tend to occupy the higher luminosity side of the distribution.
Physical Galaxy Properties
Here we present the physical properties of the galaxy sample by cross-matching against the ALLWISE 3.4 and 22µm fluxes. These data will provide stellar mass (M ) and extinction corrections due to dust. In addition, we use the spectroscopic Hα fluxes of our survey to measure Hα-derived SFRs. The Hα fluxes have been corrected for Milky Way extinction via the prescription of Schlafly & Finkbeiner (2011). Figure 11 . A mosaic of a representative sample of newly discovered galaxies in the local Universe, where (from left-to-right) the image cutouts are the SDSS gri composite and followed by the four Hα filters (Hα1-Hα4). The Hα magnitudes and errors are listed above each Hα cutout and the green boxes indicate which filter the galaxy was identified (i.e., the brightest). In addition, the galaxies are sorted by Hα EW, where the lowest EW galaxies are at the top (EW∼10Å) and the highest are at the bottom (EW∼100Å).
The stellar masses are derived from mass-to-light ratios (Υ ) using the WISE 3.4µm fluxes. We utilize the fluxes derived from ALLWISE catalog profile fitting photometry, thus these fluxes should encompass each galaxies' full radial extent. The WISE 3.4µm bandpasses provides a robust tracer of a galaxy's stellar mass as this light is dominated by an older stellar population (which make up the majority of a galaxy's stellar mass) and is less affected by attenuation from dust than shorter wavelengths.
Many studies over the past few years have made comparisons between a variety of observationally derived stellar masses (e.g., baryonic Tully-Fisher relationship and resolved star color-magnitude diagrams) and luminosities in Spitzer 3.6µm and WISE 3.4µm bandpasses (Oh et al. 2008 ; Es- Figure 12 . The observable property histograms of galaxies in the local Universe where unfilled, blue-filled, and red-filled histograms represent all galaxies in our volume, all galaxies in our volume with an EW>7.5Å, and all Σ = 2.5 candidates, respectively. Panel a) shows the g-r optical colors, panel b) shows the apparent r-band magnitudes, panel c) shows the absolute r-band magnitudes, and panel d) shows the Hα derived luminosities. We find that our candidates are not biased with respect to the known local Universe galaxies with an EW greater than our selection limit.
kew, Zaritsky & Meidt 2012; Barnes et al. 2014; McGaugh & Schombert 2014; Meidt et al. 2014; Norris et al. 2014; McGaugh & Schombert 2015; Querejeta et al. 2015) . The results of these comparisons show that a constant Spitzer Υ 3.6µm of 0.4 − 0.55 provides a robust estimation of a galaxies stellar mass with a relatively low error of ∼0.1 dex McGaugh & Schombert 2015) . A constant mass-to-light ratio of the same value for WISE 3.4µm has been shown to yield similar stellar masses as Spitzer 3.6µm (Jarrett et al. 2013; Norris et al. 2014) . We adopt the constant mass-to-light ratio of Υ 3.4µm = 0.5 M /L ,3.4µm, where M /L ,3.4µm is the mass-to-light ratio in units of solar masses per the solar luminosity in the WISE 3.4µm filter bandpass (m ,3.4µm=3.24 mag; L ,3.4µm = 1.58 × 10 32 erg s −1 ; Jarrett et al. 2013).
Star formation rates (SFRs) for our galaxies can be estimated from many different luminosity tracers (e.g. Hα, FUV, etc.), where measured luminosities are transformed into SFRs via scaling prescriptions (e.g., Kennicutt 1998; Murphy et al. 2011) . We utilize the updated scaling relationships of Murphy et al. (2011) which assumes a Kroupa IMF (Kroupa 2001) . The Hα SFRs are derived via a combination of Hα and 22µm luminosities which account for internal dust extinction (Calzetti et al. 2010; Murphy et al. 2011 The two panels of Figure 13 show the Hα-derived SFRs and stellar masses for all known galaxies in our preliminary fields, all galaxies with an Hα EW>7.5Å, and the CLU-Hα galaxies (i.e., Σ > 2.5). Panel a) shows the SFR histograms where both subset galaxies with EW>7.5Å tend to occupy the high SFR end of all known galaxies. In addition, the CLU-Hα galaxies span the same range as the subset of all galaxies with an EW>7.5Å. Panel b) of Figure 13 shows the stellar mass histograms where all three samples show the same M distribution. However, the CLU-Hα galaxies are peaked at the higher mass end of the relatively "top-hat" distribution of all galaxies and all galaxies with an EW>7.5Å.
Comparison to Known Galaxies
We examine the candidate composition at various Σ cuts, and evaluate the robustness of our selection criteria via a comparison between our galaxy candidates and all known galaxies with a spectroscopic redshift in the preliminary fields. Given that our selection methods rely on the presence of a moderately strong Hα emission line, we expect that we should recover a large fraction of the Hα flux for all galaxies but a relatively low fraction of the number of all galaxies due to the numerous early type galaxies in these fields (>50%).
First, we evaluate which color excess significance (Σ) value yields the maximum number of galaxies in the target redshift range while minimizing the number of stars (those not removed by automated star/galaxy classification) and high-z galaxy contaminants. We remove cosmic rays and chip defects from this analysis since these contaminants will be cleaned in the stacked images used by future studies. In this experiment, we use Σ cuts of 2.5, 3, 4, 5, 6, and 7 mag. The total number of candidates, contaminant stars, contaminant high-z galaxies, galaxies found in the volume (z<0.048), galaxies found in the correct filter, and newly discovered galaxies found in the correct filter are presented in Table 2 .
We find that as the color significance Σ increases, the total number of candidates, contaminants, and galaxies found in the correct filter decreases. Furthermore, the percentage of high-z contaminants decreases towards higher Σ values, where the contamination percentage drops steeply above Σ=3 then levels off to a few percent at Σ = 5. The percentage of galaxies found in the correct filter, on the other hand, increases at higher Σ values, where the percentage increases steeply at low Σ values and levels off ≥75% at Σ = 5. We conclude that Σ = 2.5 produces a catalog with more galaxies in our volume but higher contamination while Σ = 5 produces a high fidelity galaxy catalog where the majority of candidates are galaxies found in the correct filter with little contamination. We focus the text in the rest of this section on the two extreme galaxy catalogs (Σ = 2.5 and Σ = 5) but provide the statistics for all Σ cuts in the tables.
Next we quantify the success rates of the resulting galaxy catalogs at various Σ values. The simplest comparison we can make is to that of the number of galaxies found in our analysis to all known galaxies in the same sky coverage regardless of the strength of the Hα line (i.e., Hα EW). The results of this comparison are presented in Table 3 for the different Σ values studied here. Of the known galaxies, we successfully recover 24.2% and 12.4% by number for Σ cuts of 2.5 and 5, respectively (see column 2 in Table 3 ).
However, these estimates are not an accurate description of our success rate since our detection method relies on the presence of an Hα emission line. Thus, galaxies with low Hα EWs (i.e., low SFR activity) in our preliminary fields will bias our success rates to lower values. There are 1226 known galaxies in our preliminary fields with a redshift in our filters' wavelength range. The number of known galaxies with Hα EWs lower than 7.5Å is 722 (≈60%), of which 465 are located in a single pointing that is coincident with the Coma cluster (i.e., 'p3967'). Thus our inclusion of this pointing has biased our success rate by number to low values.
Another way to quantify our success rate is to examine what fraction of Hα flux is captured by our selection methods compared to all galaxies. The fraction of the total Hα flux captured by each of the Σ cuts are presented in Table 3 , where we recover is 80.9% and 66.4% for Σ cuts of 2.5 and 5, respectively (see column 3 in Table 3 ). Thus our selection methods recover a much larger fraction of the total Hα flux than the total number of galaxies; over half of which are elliptical galaxies with low SFR activity.
If we limit the sample of known galaxies to those with an Hα EW larger than the limits for the Σ = 2.5, the success rates by number and Hα flux increase. The total number of galaxies with an Hα EW greater than 7.5Å decreases significantly to 504 with a corresponding total Hα flux of 3.89 × 10 −12 (erg/s/cm 2 ). The resulting success rates are 52.0% by number and 85.2% by Hα flux for the Σ = 2.5 sample. The success rates of other Σ samples can be found in column 5 of Table 3 ).
Next, we examine why galaxies with an EW greater than 7.5Å are not selected as candidates (i.e., our falsenegative rate). The top panel of Figure 14 shows the Hα "On" magnitude histogram and the bottom panel shows the errors of both the Hα "On" and "Off" magnitudes added in quadrature versus the Hα "On" magnitude. The red and blue histograms/symbols in Figure 14 represent galaxies with a Σ >= 2.5 and a Σ < 2.5, respectively. The Hα "On" magnitude histogram in the top panel shows that the galaxies with an EW greater than 7.5Å that are not found as a candidates tend to be fainter. Thus, the significance of the Hα emission line is reduced by the increased photometric noise. Furthermore, the bottom panel shows that these same galaxies with a moderate Hα EW and fainter magnitudes also tend to have higher combined errors in the "On" and "Off" filters. We conclude that these galaxies are missed due to marginal detections where the relatively larger errors for both the "On" and "Off" bands make it more difficult to accurately measure their photometry, thus accurately infer the presence of an emission line. We note that the photometric errors will be reduced in the final stacked CLU-Hα images resulting in higher success rates in future analyses.
If we limit the sample of known galaxies to those with an Hα EW>7.5Å and an Hα "On" magnitude brighter than 18 mag, the success rates by number and Hα flux increase. The success rates increase to 68.2% by number and 89.3% by Hα flux for the Σ = 2.5 sample. Figure 13 . The physical property histograms of galaxies in the local Universe where unfilled, blue-filled, and red-filled histograms represent all galaxies in our volume, all galaxies in our volume with an EW>7.5Å, and all Σ = 2.5 candidates, respectively. Panel a) shows the Hα derived SFRs and panel b) shows the stellar masses. We find that our candidates are not biased with respect to the known local Universe galaxies with an EW greater than our selection limit. Table 2 . The composition of our galaxy candidates when using different Σ cuts, where the columns are from left-to-right: the minimum Σ for the sample, the total number of all candidates, the number of stellar contamination, the number high-redshift contamination, the number of galaxies found in the survey volume (z<0.048), the number of galaxies whose Hα emission-line is located in the narrowband filter where the galaxy was identified, and the number of galaxies newly discovered in the local Universe and found in the correct filter. We find that a Σ = 5 cut produces a catalog with the highest number of galaxies found in the correct filter while minimizing the high-z contamination.
Selection Limits
In this section we explore the limitations of our selection criteria and quantify them by magnitude and Hα flux. We find that our magnitude limit is similar to, or slightly deeper, than the SDSS spectroscopic galaxy survey (r∼18 mag) and the 90% Hα flux limit is ∼ 1 × 10 −14 erg/s/cm 2 .
We first explore the distribution of absolute r-band magnitude and redshift for all known galaxies and CLU-Hα galaxies in Figure 15 , where the top panel presents the full redshift range while the bottom panel is a zoomin of the local Universe (z<0.05). The vertical dotted line represents the maximum redshift limit of our survey (i.e., z=0.048), the dashed-and solid-curved lines represent the relationship between an apparent magnitude limit of 17.8 (i.e., the limit of the SDSS spectroscopic galaxy survey) and 19 mag, respectively, with redshift. The small black, larger red dots, larger blue dots, and X's represent all known galaxies, Σ ≥ 2.5 CLU-Hα galaxies, Σ ≥ 5 CLU-Hα galaxies, and CLU-Hα galaxies with no previous distance information (i.e., newly discovered in the local Universe), respectively. The density of known galaxies drops off significantly below the r-band magnitude limit of the SDSS spectroscopic galaxy survey (r=17.8 mag). In addition, the density of CLU-Hα galaxies also significantly decreases near or slightly deeper than that of SDSS suggesting that our selection methods result in an effect magnitude limit similar to the SDSS limit. However, we do find CLU-Hα galaxies that are fainter than the SDSS limit, and that a large fraction of these galaxies are newly discovered to be in the local Uni- Table 3 . The success rates for galaxy catalogs generated with different Σ values. The first column gives the Σ values used to generate different galaxy samples, and the following columns give the success rates by number and Hα flux. The vertical lines are used to separate the success rates given 3 different Hα EW and Hα "On" magnitude cuts, where the first group lists rates given no EW nor magnitude cuts, the second group list rates given an EW>7.5Å, and the third group lists rates given an EW>7.5Å and magnitudes brighter than 18 mag. We find that our Σ = 2.5 sample recovers ∼24% by number and ∼81% by Hα flux compared to all galaxies, and that we recover ∼68% by number and ∼89% by Hα flux when comparing to galaxies with an EW and magnitude above our selection limits.
verse. These fainter, new galaxy discoveries suggest that the our effective magnitude limit using single exposure images is marginally deeper than that of the SDSS galaxy survey. In addition to finding new CLU-Hα galaxies fainter than the SDSS magnitude limit we are able to find new galaxies brighter than this limit that were not found by SDSS (see the X's above the dashed line in Figure 15 ). The implication of newly discovered bright CLU-Hα galaxies suggests that, not only will the CLU-Hα survey find fainter galaxies than the SDSS survey, but will also find brighter galaxies missed by the SDSS survey. We expect to find even more new galaxies outside of the SDSS footprint and in an analysis of the deeper, stacked Hα images.
To explore the flux limits of this survey, we present the histogram of the spectroscopic Hα flux of all known galaxies in Figure 16 . In the top panel the unfilled, red-filled, and blue-filled histograms represents all galaxies in the volume, all galaxies in the volume with Σ < 2.5 (non-candidates), CLU-Hα galaxies (Σ >= 2.5), and shows that we recover a large fraction of galaxies with higher Hα line fluxes. This can be illustrated in the bottom panel of Figure 16 which shows the completeness percentage versus Hα line flux (here completeness is defined as the fraction of candidates per all galaxies in each bin of Hα line flux). We find that we are 90% and 50% complete at F line ∼ 1 × 10 −14 and F line ∼ 3 × 10 −15 (erg/s/cm 2 ).
Completeness
In this section we assess the completeness of the CLU-Hα galaxy catalog relative to a statistically complete sample of star-forming galaxies, the Local Volume Legacy sample (LVL; Kennicutt et al. 2008; Lee et al. 2009; Dale et al. 2009; Cook et al. 2014a ). We quantify our completeness via observable and physical properties, thus providing a robust characterization of galaxies likely found and missed in our survey.
The LVL sample consists of 258 of our nearest galaxy neighbors reflecting a statistically complete, representative sample of the local Universe star-forming galaxies. The final LVL sample consists of galaxies that appear outside the Galactic plane (|b| > 20
• ), have a distance less than 11 Mpc (D ≤ 11 Mpc), span an absolute B−band magnitude of −9.6 < MB < −20.7, and span an RC3 catalog galaxy type range of −5 < T < 10. Although the galaxy morphology composition is diverse (i.e., early-type and late-type galaxies), the LVL sample is dominated by dwarf galaxies due to its volume-limited nature. The physical properties of the LVL sample were uniformly measured by Cook et al. (2014b) and are derived from panchromatic (UV-IR) fluxes from GALEX UV, ground-based optical, 2MASS NIR, and Sptizer IR; the physical properties of the CLU-Hα galaxies were measured with nearly identical methods (see § 4.3).
We can estimate the completeness of CLU-Hα compared to LVL by taking the Hα luminosities of LVL, converting them to an Hα flux at various distances out to 200 Mpc, and calculate which LVL galaxies are above the CLU-Hα flux limit. In this calculation, we use the CLU-Hα 90% completeness limit as illustrated in Figure 16 , where CLU-Hα successfully recovers 90% of all known galaxies in the preliminary fields at ∼ 10 −14 erg/s/cm 2 . At each distance, we measure the fraction of LVL galaxies with an Hα flux above the 90% CLU-Hα limit, and calculate the following: the number fraction of galaxies, the total Hα luminosity, the total B-band luminosity, the total Hα SFR, and the total stellar mass. Figure 17 shows the percentage of the LVL galaxies found above the CLU-Hα limit versus distance for various properties, where the dotted line, solid blue, blue dashed-dot, red dashed, and blue dashed represent the completeness by number, Hα luminosity, B-band luminosity, Hα SFR, and stellar mass, respectively.
We find that the completeness by number is nearly 90% at 1 Mpc but drops drastically with distance to 15% at 200 Mpc suggesting that the low-luminosity dwarf galaxies, which dominate this sample, fall below the CLU-Hα flux limit. However, the low luminosities of the dwarfs will likely not contribute large fractions of the total luminosities and other physical properties. Figure 17 confirms this conclusion where the limits of CLU-Hα continue to recover >90% in the B-band and Hα luminosities as well as the SFR and Figure 14 . The flux properties all known galaxies in our volume (z≤0.048) with an Hα EW≥7.5Å, where the blue symbols and histograms represent a subset with Σ ≥ 2.5 (candidates) and the red symbols and histograms represent a subset with Σ < 2.5 (non-candidates). The top panel shows that the galaxies with a large enough EW to be selected in our survey but not selected as candidates tend to be the fainter objects. The bottom panel shows that these galaxies not selected as candidates also tend to have relatively large combined photometric errors from the "On" and "Off" filters, hence more difficult to be cleanly selected as true emission-line sources.
M values out to 100 Mpc. Past 100 Mpc CLU-Hα recovery decreases slowly out to 200 Mpc, but continues to recover >85% of the total Hα SFR, and >70% of the total B-band luminosity, Hα luminosity, and stellar mass. We find that the CLU-Hα limits will not recover a large portion of the LVL galaxies out to 200 Mpc due to the many faint dwarfs; however, CLU-Hα will still capture a large fraction of the luminosities and physical properties.
Comparison to CLU-Compiled Catalog
The CLU-Hα survey was originally designed to contribute to a CLU-compiled catalog to produce one large CLU catalog. Here we examine general properties of the CLU-compiled catalog and explore the contributions of the CLU-Hα galaxies found in our preliminary fields.
The current version of the CLU-compiled catalog contains updates from both NED and SDSS in early 2016. Distances based on Tully-Fischer methods were favored over kinematic (i.e., redshift) distances; however, the majority of the distances are based upon redshift information. In addition to distances, the catalog also contains compiled photometric information. We have cross-matched (within a 4 separation) the CLU-compiled catalog with GALEX all sky (Martin et al. 2005) , WISE all sky (Wright et al. 2010) , and SDSS DR12 (Alam et al. 2015) surveys to obtain fluxes from the ultraviolet (UV) to the infrared (IR), where we found ∼154,200 matches for GALEX FUV, ∼216,000 for WISE 3.4 and 22µm, and ∼100,400 for SDSS r-band.
We have also derived physical properties for the CLUcompiled galaxies via similar methods as the CLU-Hα survey in §4.3. However, since the final CLU-Hα fluxes have not been generated for the full ≈3π survey, the CLU-compiled catalog does not contain Hα derived SFRs. As a result, we have calculated the recent SFRs (corrected for extinction) of the CLU-compiled galaxies derived from GALEX FUV luminosities via the prescription of Murphy et al. (2011) with the same assumptions as those used to derive the Hα SFRs for the CLU-Hα survey. The FUV luminosities are corrected for extinction using WISE 22µm luminosities via the prescription of Hao et al. (2011) . Finally, to compare applesto-apples, we have derived FUV-based SFRs for the CLU-Hα galaxies in the preliminary fields with which we can compare the entire CLU-compiled catalog. Figure 18 shows the observable and physical property histograms of both the CLU-compiled galaxies (open histogram) and CLU-Hα galaxies in the preliminary fields (blue-filled histogram), where all histograms have been normalized to the peak. Panel a) shows the SDSS g-r color histograms, where the CLU-compiled sample shows a double peak while the CLU-Hα sample shows a single peak that overlaps with the CLU-compiled blue peak. The double peak is due to the dichotomy between blue star-forming galaxies and red earlytype galaxies with little-to-no star formation. The absence of a read peak in the CLU-Hα sample indicates that the CLU-Hα survey is not sensitive to early type galaxies. This is expected since our galaxy selection methods are based on Hα emission which is an indicator of on-going star formation. Thus, the galaxies added by the CLU-Hα survey will be biased towards bluer galaxies with recent star formation.
Panel b) shows the absolute r-band histogram, where both CLU-compiled and CLU-Hα samples show two peaks: one for intrinsically bright galaxies (r∼-19 mag) and one for fainter galaxies (r∼-14 mag). The similar shape in absolute magnitude for both the CLU-compiled and Hα samples suggest that the galaxies added by the CLU-Hα survey will contain both intrinsically bright and faint galaxies. Panel c) shows the FUV derived SFRs, where both compiled and Hα samples peak near SFR∼ 10 −0.5 M yr −1 , and both samples show a low-SFR tail out to a SFR∼ 10 −3.5 M yr −1 . The similar SFR distributions of both the CLU-compiled and Hα samples suggest that the galaxies added by the CLU-Hα survey will sample both high and relatively low-SFRs. We note that the low-SFR tail in the CLU-Hα sample is more sparsely populated compared to the CLU-compiled sample. It is unclear if this is due to a Figure 15 . The distribution of absolute r-band magnitude and redshift for all known galaxies and CLU-Hα galaxies, where the top panel presents the full redshift range of the CLU-Hα candidates while the bottom panel is a zoom-in of the local Universe (z<0.05). The vertical dotted line represents the maximum redshift limit of our survey (i.e., z=0.048), the dashed-and solid-curved lines represent the relationship between an apparent magnitude limit of 17.8 (i.e., the limit of the SDSS spectroscopic galaxy survey) and 19 mag, respectively, with redshift. The small black, larger red, larger blue dots, and X's represent all known galaxies, Σ = 2.5 CLU-Hα galaxies, Σ = 5 CLU-Hα galaxies, and CLU-Hα galaxies with no previous distance information (i.e., newly discovered in the local Universe), respectively. We find that the newly discovered CLU-Hα galaxies are both fainter and brighter than the SDSS spectroscopic galaxy survey. Thus, we are likely to find many new galaxies even within the SDSS footprint.
selection bias or low number statistics in the preliminary fields.
Panel d) shows the stellar mass histograms, where the CLU-compiled and Hα samples span roughly the same mass range and both have a low-mass tail. Thus, the galaxies added by the Hα survey will sample similar stellar masses. We note that the low-mass tail of the CLU-compiled sample extends below the tail of the Hα sample (Log(M < 7 M )).
These extremely low-mass galaxies are typically observable only in the Local Group (D≤20 Mpc) and may not be detected in the Hα survey in large numbers past a few 10s of Mpc. Further examination of the stellar mass histograms shows that the CLU-compiled sample peaks at 0.5 dex higher in M than the Hα sample indicating an overabundance of massive elliptical galaxies. The offset in M peak suggests that the new galaxies added by the Hα survey Figure 16 . The Hα flux histogram and completeness for the CLU-Hα galaxies compared to all known galaxies in the same preliminary fields. In the top panel the unfilled, red-filled, and blue-filled histograms represents all galaxies in the volume, all galaxies in the volume with Σ < 2.5 (non-candidates), CLU-Hα galaxies (Σ >= 2.5). The bottom panel shows the completeness percentage compared to all known galaxies in each bin of Hα flux versus Hα flux. The CLU-Hα galaxies are 90% complete at ∼ 1 × 10 −14 erg/s/cm 2 .
will likely not contain massive elliptical galaxies. However, the most massive elliptical galaxies in the local Universe will generally be bright enough to have been previously examined, and it is likely that the distances to these galaxies will also have been measured.
DISCUSSION
In this section we examine interesting candidates found in the preliminary fields of the Hα survey where we find new blue compact dwarf galaxies (i.e., blueberries), a newly discovered green pea, a new QSO, and a known planetary nebula. We also investigate previously established relationships between different galaxy physical properties (e.g., the starforming "Main Sequence") in the CLU-Hα galaxy catalog. The majority of the CLU-Hα galaxies show physical properties similar to normal star-forming galaxies; however, several extreme galaxies (i.e., blueberries) show deviations from previously established galaxy trends. The extreme galaxies and interesting candidates found in the preliminary fields show that the CLU-Hα survey can have impacts on a wide variety of areas in astrophysical research.
Interesting Candidates
In this section we provide a detailed examination of some interesting candidates found in the Hα preliminary fields. We find that the new blueberry galaxies and new green pea have similar properties with large SFRs and low metallicities. We also find that the new QSO and known planetary nebula have properties similar to other similar objects. However, we note that finding these objects in our candidates list is evidence that the CLU-Hα survey can be used to find a variety of extreme objects.
Amongst our emission-line candidates we find interesting candidates that include 9 blue compact dwarfs (i.e., blueberries) 7 of which are new, a new green pea, a new QSO, and a known planetary nebula. Figure 19 Figure 19 in the first Hα filter were masked to provide a more consistent background and visual comparison across the four Hα images.
We detected the Hα emission from a known planetary nebulae. The planetary nebula is PN H 4-1 (l = 49.3065
• , b = 88.14757
• . Panel a) of Figure 19 shows the SDSS gri color and our 4 Hα filters (in panels from left-to-right, respectively). PN H 4-1 shows large flux excess in Hα1 compared to Hα2 (i.e., "On-Off") equal to three orders of magnitude (∆mag = −3.05). The measured spectroscopic Hα line flux and EW are 1.21 × 10 −12 erg s −1 cm −2 and 1200Å, respectively. The spectra of this PN is shown in top panel of Figure 20 , and exhibits emission lines similar to other known planetary nebulae.
The confirmation of this planetary nebula is interesting since our choice of preliminary fields avoided the Galactic plane and PN H 4-1 is located at a Galactic latitude of ∼88
• (i.e., far from the Galactic plane). We anticipate that the CLU-Hα survey can be used as a discovery engine for new planetary nebulae inside and outside the Galactic plane. This expectation is based on the Galactic latitude limits (|b| < 5
• ) of the largest Hα galactic plane survey to date (IPHAS in the north and VPHAS+ in the south; Drew et al. 2005 Drew et al. , 2014 . CLU-Hα will survey the entire northern Galactic plane.
In the CLU-Hα sample, there are 9 (7 newly discovered) blueberry galaxies, or blue compact dwarfs. Panel b) of Figure 19 shows the image cutouts of an example blueberry galaxy that is newly discovered, where the source is brightest in the fourth Hα filter. The second panel of Figure 20 shows the spectrum of the blueberry galaxy where the redshifted wavelength of the strong Hα line confirms the identification in the fourth filter. The spectra of the example blueberry galaxy is representative of the other blueberry galaxies, where both the [OIII]λ4959, λ5007 and Hα lines exhibit strong emission lines: 418Å and 446Å for Figure 17 . The completeness of the CLU-Hα galaxies versus distance as compared to a statistically complete sample of nearby (D≤11 Mpc) star-forming galaxies (LVL). Completeness is defined by the fraction of LVL galaxies that can be detected in the CLU-Hα survey at different distances given the CLU-Hα 90% Hα flux completeness of ∼ 10 −14 erg/s/cm 2 . We find that CLU-Hα will recover the following LVL properties: 85% by Hα SFR, 75% by stellar mass, and 15% by number at 200 Mpc.
[OIII]λ4959, λ5007 and Hα, respectively. We measure the −15 erg/s/cm 2 indicates a dust corrected SFR of 24 M yr −1 given the measured redshift of 0.337 and H0 of 72 km/s/Mpc. The green pea emission lines are similar in strength to that of the blueberries. In addition, both the green pea and example blueberry exhibit similar low metallicities. Thus, it is likely that these two types of galaxies are related.
The image cutouts of the new QSO found in our survey of preliminary fields is shown in panel d) of Figure 19 where the QSO is brightest in the third Hα filter. In addition, the spectrum of this object is shown in the bottom panel of Figure 20 which shows strong [OIII]λ4959, λ5007 lines confirming the correct identification in our third filter. Furthermore, the broadened Hα and Hβ emission lines clearly indicate the presence of a strong AGN at the center of this galaxy. The spectrum of this QSO is similar to other QSO spectra.
Galaxy Trends
In this section we investigate established trends of starforming galaxies. Previous studies of star-forming galaxies have found a relatively tight correlation between the current SFR and the total stellar mass for both local Universe and higher redshift galaxy samples: the galaxy "Main Sequence". The galaxy "Main Sequence"can provide insights into how galaxies evolve over time since the "Main Sequence" normalization increases with redshift (e.g., Heinis et al. 2014) . Figure 21 shows the Hα-derived SFR versus stellar mass (M ) for the CLU-Hα galaxies, where the symbols are the same as those in Figure 15 . The blue and green lines represents the relationships found in the LVL sample (D<11 Mpc; Cook et al. 2014b ) and SDSS sample (z∼ 0.1; Peng et al. 2010) . The majority of the CLU-Hα galaxies follow the previous "Main Sequence" relationship and span a wide range in both SFR and stellar mass from low-mass, low-SFR dwarfs to high-mass, high-SFR spirals.
The blueberry galaxies found in the CLU-Hα sample show high SFRs given their stellar masses suggesting that these galaxies are undergoing an episode of enhanced star formation. The new green pea, on the other hand, shows good agreement with the SDSS "Main Sequence"relationship suggesting that this galaxy is not undergoing an enhanced period of star formation; this is contradictory to previous studies which find that green peas show signs of significant star formation activity (Cardamone et al. 2009; Izotov, Guseva & Thuan 2011) . However, we note that the image cutouts of the green pea in Figure 19 shows nearby sources which could be contaminating the WISE1 flux due to the relatively large PSF of the WISE instrument (6" at 3.4µm). Thus, it is possible that our stellar mass may be an overestimate, which, if true, would move the green position to the left on the "Main Sequence"plot resulting a high SFR for its stellar mass.
We also explore a relationship between physical and observed properties of galaxies, where local Universe studies have found that the specific SFR (sSFR≡SFR/M ) forms a relatively tight trend with optical colors (e.g., Cook et al. 2014b; Schawinski et al. 2014 ). In the LVL sample of 258 Figure 18 . A Comparison observable and physical properties between the CLU-compiled (all known galaxies with z<0.048) and CLU-Hα galaxy samples, where panels a, b, c, and d show the histograms of g-r color, absolute r-band magnitude, FUV-derived SFR, and stellar mass, respectively. We find that both the compiled and Hα samples show similar distributions except for g-r color and stellar mass, where the CLU-Hα sample shows reduced numbers of optically red and massive galaxies. Since the Hα survey is based on an Hα emission line that indicates recent star formation, it is likely that red massive galaxies with little-to-no on-going star formation will be missed. However, these bright galaxies will likely have been characterized in previous galaxy survey. nearby galaxies, Cook et al. (2014b) found that dwarfs and irregular galaxies tended to have higher sSFR and bluer colors while later-type and elliptical galaxies tended to have lower sSFRs and redder colors. The sSFR of a galaxy is an indicator of the intensity of star formation; thus, can provide insights into the population of the CLU-Hα galaxies. Figure 22 shows the sSFR versus the SDSS g-r color of the CLU-Hα galaxies, where the symbols are the same as that in Figure 21 . We find that the CLU-Hα galaxies follow a similar trend to the LVL galaxies. However, the CLU-Hα blueberry galaxies tend to have some of the highest sSFRs and bluest optical colors with sSFRs as high as −8.7 in Log(sSFR), whereas the highest sSFR of the LVL galaxies is -9.5 in Log(sSFR). In addition, the partial separation of the blueberry galaxies and the rest of the CLU-Hα galaxies suggests that these galaxies are forming stars with high intensities compared to normal star-forming galaxies.
The new green pea galaxy shows a sSFR and color similar to that of the CLU-Hα galaxies indicating that this green pea is forming stars with a similar intensity to normal star-forming galaxies. However, as mentioned previously, the green pea M may be overestimated; thus, it is possible that the sSFR may be underestimated. Future studies of CLU-Hα galaxies will include larger numbers of green pea galaxies.
Future Improvements
Future improvements to maximize the completeness and minimize the contamination of the CLU-Hα catalog include: (i) Stacking all Hα images to produce a deeper Hα source catalog and a resulting deeper galaxy catalog. These data will, not only, provide deeper images from which to find more galaxies, but will also facilitate removal of cosmic rays and chip defects. (ii) Extended source photometry; (iii) Machine learning for star-galaxy separation; (iv) Image subtraction of "On" and "Off" filters.
In addition, efforts to use machine learning for candidate selection are currently underway. The preliminary CLU-Hα survey fields are critical to our machine learning Figure 19 . A mosaic of some interesting candidates found in our preliminary fields similar to Figure 11 . Panels a-d shows the known planetary nebula, an example of a new blueberry, the new green pea, and the new QSO, respectively. In addition, the thin galaxy just above center in panel b) is also newly discovered CLU-Hα galaxy with an Hα EW=80Å. efforts as they establish a training set of objects with known redshifts. We have run preliminary tests on how well our machine learning algorithms perform the tasks of classifying objects as simply within 200 Mpc and classifying objects as within one of our narrowband filters. Preliminary results are promising, showing that we can increase our completeness by using our current metrics along with additional information (e.g., Pan-STARRS, WISE, GALEX magnitudes) as features in our machine learning algorithms (Zhang et al. 2018; in prep) .
SUMMARY
In this paper we have presented the Census of the Local Universe (CLU) project which endeavors to build the most complete list of galaxies with measured distances less than 200 Mpc. The full CLU galaxy catalog is a combination of all known galaxies compiled from many existing catalogs (CLU-compiled; 234,500 galaxies) and the largest area (≈3π) narrowband imaging survey that deploys 4 filters to search for galaxies with Hα emission out to 200 Mpc (CLU-Hα). The motivation for the CLU project is to build a galaxy catalog that can focus the observational follow-up efforts that search for electromagnetic counterparts to gravitational wave events detected by LIGO-Virgo. However, CLU-Hα can also be used for star formation and galaxy evolution studies since our narrowband imaging provides nearly uniform Hα fluxes (and subsequently star formation rates) across ≈3π of the sky.
The CLU-Hα survey has imaged 26,470 square degrees of the northern sky above −20
• declination using four narrowband filters with a FWHM of 75−90Å and a wavelength range of 6525−6878Å (out to z=0.048). The observations utilize 3 spatially staggered grids where each grid has 3626 fields. The first two filters cover the galactic plane and the last two filters avoid the galactic plane (|b| 3
• ). The analysis of CLU-Hα fields in this study utilize only 14 preliminary fields (≈100 deg 2 ) in one of spatially staggered grids, but future studies will examine larger sky coverages and finally the full ≈3π area with 3 stacked images on every point in the CLU-Hα survey area.
In the 14 preliminary fields we use standard signalto-noise selection methods to quantify the presence of an emission-line via narrowband color excess significance (Σ). In addition, we undertook a spectroscopic follow-up campaign at Palomar Observatory and WIRO to obtain redshifts of all galaxy candidates with Σ ≥2.5 and no previous redshift information (N=334). These redshifts allow us to explore the composition of our galaxy candidates at different Σ cuts. There are 290 galaxies found in the correct filter with 40% contamination for Σ ≥2.5, and 151 confirmed galaxies and 7.1% contamination for Σ ≥5. We conclude that Σ = 2.5 cut produces a more complete catalog of galaxies in our local volume but higher contamination while Σ = 5 cut produces a high fidelity galaxy catalog where the ma- Figure 21 . The "Main Sequence" of star-forming galaxies where there exists a relationship between current Hα derived SFR and total stellar mass (M ). The red dots, blue dots, large X's represent Σ = 2.5 CLU-Hα galaxies, Σ = 5 CLU-Hα galaxies, and newly discovered CLU-Hα galaxies in the local Universe. The blue and green lines represents the relationships found in the LVL sample (D<11 Mpc; Cook et al. 2014b ) and SDSS sample (z∼ 0.1; Peng et al. 2010) . The green soliddotted line transition represents the lower end of the stellar mass range probed by the SDSS survey. We find that the majority of the CLU-Hα galaxies show agreement with the local Universe "Main Sequence". In addition, the blue and green diamonds represent the blueberry and green pea galaxies found in our preliminary fields. These extreme galaxies show higher SFRs for their given stellar mass. Figure 22 . The specific star formation rate (sSFR≡SFR/M ) versus g-r optical color, where sSFR is an indicator for the intensity of star formation. We find that the blueberry galaxies show the highest star formation rate intensities (sSFR) and tend to have the bluest colors. The new green pea galaxy shows a sSFR similar to other normal star-forming galaxies. However, the low sSFR could be attributed to an overestimate of the stellar mass due to contaminating light in the WISE1 aperture. jority of candidates are galaxies found in the correct filter with little contamination. We will release a table of all candidates above a Σ = 2.5 cut in the electronic version of this publication.
In addition, we use the 14 preliminary fields to examine the limits and completeness of CLU-Hα survey. The median 5σ detection limit for a points source in the narrowband imaging is 18.5 mag. A comparison of Hα fluxes derived from narrowband imaging and spectroscopy show good agreement for the majority of galaxies, but reveal different flux limits for different Σ cut values: 2 and 4 ×10 −15 erg/s/cm 2 for Σ = 2.5 and Σ = 5, respectively. The different flux limits are the result of our selection methods and translate into an apparent Hα magnitudes of 18.3 and 18.0 for the Σ = 2.5 and Σ = 5, respectively.
The limits presented in the previous paragraph represent the limit of our selection methods to detect an Hα emission line. However, a comparison to the known galaxies in our preliminary fields shows that we recover 90% of the Hα flux located in the known galaxies at 1 × 10 −14 erg/s/cm 2 . Given this limit, we assess our completeness via a comparison to a statistically complete sample of star-forming galaxies (The LVL sample) and find that CLU-Hα will be 85% and 70% complete by Hα-derived SFR and stellar mass at 200 Mpc.
We have cross-matched the resulting CLU-Hα galaxies to GALEX and WISE to derive the physical properties (extinction corrected SFR and stellar mass). We find that the CLU-Hα galaxies span a range in both SFR and stellar mass including dwarf galaxies (i.e., M ∼ 10 8 M and SFR∼ 10 −2 M yr −1 ) as well as larger spirals (i.e., M ∼ 10 11 M and SFR∼ 10 1 M yr −1 ). We also examine previously established galaxy trends, where we find that the majority of the CLU-Hα galaxies show agreement with galaxy "Main Sequence" trends found in the local Universe. However, we do find some extreme galaxies that lie above the "Main Sequence" trend and some of the highest sSFRs in the CLU-Hα sample.
Within the 14 preliminary fields, we find several interesting objects: 7 newly discovered blue compact dwarfs (aka, blueberries), 1 new green pea, 1 new QSO, and a known planetary nebula. The extreme galaxies (green pea and blueberries) have high star formation rates, low stellar masses, and low metallicities and could be local analogs to higher redshift primordial galaxies. The existence of these objects in our preliminary Hα sample exemplifies that the full CLU-Hα survey would serve as a discovery machine for a wide variety of objects in our own Galaxy and for extreme galaxies out to intermediate redshifts.
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